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'1bRJaIb Ibe fIe1d~ ofDllilll A-.Io~ (DM) ia CaIdI dIriaI the two .."... (it ­
.......I&tiid iiiLa Vea- ....die 1990 NAB 0 I' ,. ). we wae able to plOW tbe •••ibiIty
laddie .......~Ibeueofoe-cNnnc:ll~wbea. -.Id-cardc:r modulation ilUICld. IJldill~
dae11., IIICh COi1IInIat••rI_1eYeJ ofecboa dill.. lie c::oaec::fed.slDce, as )0lIl u dJeIe edIoes
are wIdda. liveD dille·~ dJcy Il'O powa-Iddecl ~lICIhdy. We are plmaine CD do mare wort
111 CbIs 1IeIdJa Om,? IIId especIlJly ItCRe. We wiD be pIeued to keep you Jnfamed ofmy poaaisiJIc
~ts

" "MaDwbIIc. I bope duIt d.-c find"., wiD pam II) be ... ill 1be ISSC'S"WIt of the feasibiIit;y of this
.coaccpt ofCJIl-dmmeI CCMnge me"". by the AdYJsoIy Onmfttee IDd espedaIly in !be wort of}'OUC
WortiDa Party.

YOUEl 1IDccreJy.

CDd.; 1

R.. Keeler (AT&T)
1. CobeJl :
It DIYJca (CDC>
W.~(CRC) .
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L IDtrocIucdon

~ tbe procea,of 1be FCC·ACATS in die u.s. IUd .. WOIk doGe in Canada by die 1I"CAB 011
ATV r.enesttJal brolldcasdng. dJeIe bII always been a need mcopized for die reduc1Iaa of die power
required to cover a giVen service area wid1 ATV IDd tbe passl1Jlltty of alJoca"nl 111 bmldclllll:D
especially in popularecl"ueu. La1l:ly. MlT,(iI so...... in tbeir ATV sysum pmposat. Ibe 1118 of 011­

cfwuy:J tqJCDa to exteDd the ccmraae of a c:adIallDrMmifter md poSlibly taiIodDI die covcraac by
scJccdnl sla:s wberc mese repeataS would be located. 'Ibis cxo;cpE Js DeW in me ATV fmum IUd Deeds
to be fieIbecl out before. clear posldcII1I can be tUm OIl it. 1biS Idea is. boweYa'. DOt new in tile COIIIIDXt
of dlgiW IOUDd~~ modulations especi'lly suited 10 accommodllle Ibese repeIIerI ~
beJDI ploposed. -

Tbe iDII:zc of 1hia ~rt is to build 011 me kmw1edae acqainMf. in dIaital soUDd broadcuring aod apply
it to ATV in older 10 clarify me Iddltiooal teeImical requimDeDlllaU1dDg from the udtlmfon of tbese
on-cJwmel mpeatcD.

It Js recopized that III exteaIivc audy will Deed to be dDae in rams of c:ownae policy IIId avtce
penni", apc:cts due totbc poIIibIDty of t8iJDrlDa die~... 1be .....very ldp pcJWa'1ew:Is
ftlqIIired to c::cJ9U as much IS~ of a DQI1DaJIy dJadu ... would DO 10Dpr be oeeded aDd die
1xoIdcI1Im1 may be. aDd pedIIpI may have to be. mare IIlacdw in findfn, tbe belt tt1de-off belwer:D
CXIIDIIt otcoverqe aDd Iudoa~ by dMJosInI to COYCI' GIlly IDIIle spedfleclllaS audla1bc maR
p1p'lcert R&t. 'IlJe pMmapby .. ..,.iningaSIIdDa awerIP c:aaId be J2IdicIIIy cIitJ'eIa IIJd WODId
oeecJ to be iDYesdp1l!ld In tmms of ill poUcy bDpllcadODl. ODe IIpeCt is 1be fact dial a pe1CMhIe ofdie
popuIadoo cum:ndy CXJVered by NTSC woaJ4 DOt ueawarDy be amnd by ATV if the covaaae is
tailoled 10. say. the demognpblcs. 1bis repent does DDt .... 10 Iddn:ss 1hls aspect but It sboald be
n:alized that tbiJ subject is as im.poruDt and probably as compJex to assess as the tedmica1 feasibDity IDd
it Deeds to be addressed eady in the process.

2. BadqrouDd

The coocept ofon-channel ooverqe c:xJmdeiIlDd pp-fiJIers WII iDaoduced in 1986 in 1be field ofICUDd
Jmedcntinl ill order to -iDIpIuft die senke ana141biJl~at...-wI, IJftIP*lI diIiW SOUDd bmadcMdng

".".,.... (see COR R.eport.9SS). ID.pmk:aIar, tbe~J""~'by~EaropC:m~~
the Eanlka·147 project is speciJbIly IUimcl to aaxnmod.. die IilDadm wbere a mjmber ofhlgb leYd
ecbDes produced by loc8l on-cfwnrw!J repeaem would be praeat It !be ta:eiver.

. .

The ptQp)Ied multi-cmier modal_OIl (Code Ortbopal P.nxpcncy DlviIkn MCldnladoo: COFDM)
stIeICbei 1be IYJIlbol period. dms dowiDg fbr 1be iDlerdaa at a .... iDlr:r¥al which is used u a 1ime
bulfa' ID reduce 1Drer-symbol iIIIeIfeftmce caused by tile .....e ec:IIoes IS well as tbc "aatve" ecbDes
pmduced by the on-ctwimd ..... 1bis allows the J'eCCiver 10 pedbIID on rbe basis of the 10111 power
of tbese ed10es as long:as they oa:ur within this guard imaval.

In tile case otATV. a similar muld-canier modu1ldoD teebaiqae could be used to aIlow:fbr die use of00­
rJumnd coverage extenders. However. since die data tbroqIIpal mqaired for ATV is muc.h hiJbcr tbm
in 1be case of a digital. SOUDd broadcastiDg service. tbis 'becomes a RCJmical challenge since this type of
modulation requires a real-time FFT with a throughput of about 20 MbitIs in each receiver.
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1'be lbemldve Is to Jely 011 _1ldIpdft cJwIneJ eqltallu:r III eId1 ATV mceiYer II) R::IDOVe IbIlII: acdvc
ec:boeI. SIDce all ATV SJIIlI=IIl IX use • cbllD!M!1 aplu." Rdace the pIIIive ecboa md 1iDear
~ disCDrdon, Ibis: woaI4 a-pdod. me e8IieIt....". The operaIioIl in aa acdvc ecbo
. ezmronm.eat wiD.~ imply a DlIIDber ofmore drmandtng cbaraaerisdcs 1brme equaUzer as wiD. be

seen In the folJowinl se;cdoDs.

3. Addidoaal per formaIlc:e requirements tor the adaptive cIwmeI equalizer to aa:ommodm
on-e:haanel re~ers

3.1 Extent of the~ wiaclaw to be coftl'ed by equd2ler

It hal been tabu for gramed lbat. CODIideriDI typical plSlive ecboeI,1be IIDpIi1Ddc oftbeIe ecboea would .
be at • cetUin level belOw abe main Jipl md that tbiJ leYel woaJd deaeaSe widlllJ JDc!eue In delay
from die main sipal uadl it beccDeI necHafbIe beJood. AJ. 25 JI* (Ibis depeDlIt IDueIl OIl the type of
temIin IDd Pft:ICDCC of bafldInp In Ibo aa). 1biI 11M beal1be bMis for Ibo deIip of die dJInneI
ecpItzen cWieur1y tac1UdecliD 1be ATV SysteID propoall. 1be dlinl«ld perlmDlDCeI fbr1beleecpllzen
n:ftt)ct Ibeae initial assampdoDl wi1h C011ecdon for I cemJD~ of ecbD out to I given dday beyoad
wbicb omy lower power edIDes can be com:=d (eg. -6 em for -2 to +4 p9CC, aod -U dB between +4
aDd +24 psec; MlTJOI Sysum), as shown in Rgurc 1.

. ,

In1be cue of IlCIive ec:boes pmduce4 by 0IH"b1lJDC'l~ .,.,..on whem II.: =:eiverls 10CDd
wl1tdD the COYeI'I8" uea. Ibeae acdve ecboeI can appeII' ... bIfDm or after the main sipaL In fact.
at I spec:i1Ic1ocadon., twO ICIhe ec:boe& CID be JeCd¥ed Itexd,1be liliie power lad depend'"' whedIer
me receiver is moved towudl one Jepe8IICr or tbe otber (ODe em be !be IIlIin umantuer), ODe echo will
be bilba'dum die otbcr. SiDcc: an dae ccboes will be aflcc:Md eqIII11y by paaive ec:boes, die passive
ecbo template de8cDbecl above sbouJd SUDOUDd tbis DeW time symmetrical template. As an example,
Flpre 2 shows I tem¢ase tbat woald cover for acdYe cdIoa over I time period of 32 J1SC'C (Ie. ·16 to
+16 psec) beyond which 'die template for me passive echoes would apply.

3.2 Mufmum ampDtude of echoes to be equaUzed

M cxpJlllned above. ctepe:ndIna on die 1ocaI:ion oftbe rece:ivv. aD aatve ecbo~be as biIh IS die sipal
f'tcm the main trammu:. aDd even biIber if tbe rea:iver Is Joe'" even cJoscoz 10 1be mpeaser. In such
.~ tbD m:eiver woulc1 need.tP IJDCbtoaize 00 1be bilba' power lipal aad 1be mainlipl would be
percdyed IS a PJ'C-ecbo~ 1be llmit ClIO is wbm die twO Ii..... lie JeCeived at d:Ie same IIDpUmde Tbc
tempiare given in Rgure 2 coven ddllimit case by~ _111I equ1Izfz hM to comet for ecbDes
tbII am _ poweda1 as !be lt6aax:e Jipal over me givm dille wladDw. 1bls shIlIIlon is Ub:ly 10 occur
in the c-. wheIe very simple teedYiD& II'IIrmU such u DII:II* eIIJ IR UICld~ DO Ii ililo.....J
cfiN:dmfnation is availa~le. In 1be c.~ a direc:d0Dll ••,.. II used. the 1I8CI' would laid III pat
the .JPennI on 1be most powa1\Il n:cdved signal and !educe Ibe other ecboes, tberefore creadDg a Jess
demllJlting situation for the equ1Izfz.

It sbDuld alto be oared tba in older ID secure a CCltIin sr:abIIlly III die teedft% for the S)'DCbloDizadoa of
the J1:Ceiver OIl tbe bipM::st cc:bo in 1be case of two or mom echDeI haYtnc almost 1be same power. some
amouat of hystereSis would be~ ID minimize C(ji'jmJOl'M bundng in tbis speciJic sjtp.tiort The
echo equalizer should in faa be able ID CIDCd an ecbo at sllPdY lJi&bcr power 1ban !be main sigDal if
it occurs in me given time period. An hySlEiesiJ zqe at 110 2 dB may be sutDdeDE for pncdcalltldc
recepdoo case:I. Outsi~ Ibis active echo period. the same levels as assumed for passive cc.bo cancd1Ition

-3-

800/900/lJ OSS8 C88 crg YVd St:CI ZS/LTILO



1.3 PertormaDce of the ecbo equaIber

The otber element is dIe:eu::at • wbid:l1be eqaaUzer aD J'IIIlOft edIDeL Ecl10 caoce1Iadan is equivalatt.
tor digital traDImisIion syIIaDS, CO minimizing iDIer-l)'lllbol iDt.erf'ereace aod is often expIeIIed IS

muimizina tbe "eye heillbt". 11U pmcea nwI1I tJPic*ly ill .. JPPIl'lII£ reduction of the Cmier-to­
Noise I'IIio (CIN). ODe could see die proc:css in b~~ IS abe equalizer tryiDg ID beat die
taded rePm of1be speetlCDD 10 bdDc 1hc cJwmd JapJIIIe .·doIe • poaible I) tI.mess. In doiDglO,
tile DDi8e in dIeIe specud rqIaaI is aIIo amp11fted. 11m........11'1*- CIH. 'IbiI em be ICtD II

an impIovement in the Jnler-Symbo1l~ (lSI) a1lle apmIe at m ....iDcIae in cfMnnel
mile. 'l1Je exIaItof~Mdacdca JD. CIN depmdI OIl die pa4twwloc ofCbc COII'fa'ICIICC 1lpi1llm .-cL
Tbe pedonuance of 1IIe (.bInncI eqaaDzer In teIDII of appaa_ IDcIaIe in CIN is tbeI~ cridcal IDd
needs to be quaodftccl bc1'om my COIdustoo OIl the feaIbDIty of extendi", coverage with 0J1-dumne1
Jqle8n baed on cbanDel equaIi%ers~ be dmm.

'I"he exIaIt ofthe JeC1udlcD in CIN also depends on tile IdIdve powa' oftbc ecbOes to be caDCe1led (laraer
me ec:bo u. deeper dJe~ aeIecdYe fades me utr.:ly aD be). A simple way 10 "IiIuaIize tbis is 10
coastder 1b8t • ccttaIn pclcaDF ofdie cc:bo powez' f. tJ"M1II111Jd ..,DOiIc power, resulting in a Jeducdon
in CIN tbat is depeodeDt on dJe powa' of tile echo 10 be caoceDed.

The mM1d1lton l1se1f .. DlUd1 .. to do with cIve _ , ... edJoes cbm cbe cJwmeI eqaaUzer.
Some mocl1IJldon mel cbJnnal codIDI coulcllfve beaer patbi • oe tD lI1e cue of lSI but 1be~
is small c:ompuccl1D die tmpmvemeut obt"rm by me m..... eqallizer. AD tbis ID say that me question
of cbll!lW!l eqa.UzatioD.;cm be COIIlIicIcftd irvtrpendtttl)' of tbe ATV IystI:Dl proposed in me case of an
diJitallYstemI usiD& quadra1lue amplitude modllJadon In adler words, !be question debated here is a
aeoerlc quesdon wbich applies equally to an diaital ATV .,.....mlprimarily tdates to the performance
of 1be cbamd equalizer IDd not to me specific digital moduIaIion used.

4. Performance of the DIUld-carrler moduIadon

Por b muJd-cmier~ £be exraaoftbc dme wtDdDw mw wbfd1 acdYe ecbocs!lom OIl-dlanoeJ

n=peetI~ 1Jke1y to II'IJC8I' coaapnnd. ID me 1eDId1 of die JDIavaI. n:qulrecl in Ibe syaem. In
Older to b:lcp die power mqalrrmeat to a miDimum. r1dI ..-vII Deeds to occupy oaIy I frac:don
oldie symbol period (say 2M, wIdch COI'Iespoads 10 1 dB 1power~. 'I1mI SIl'eICbfDI
me &UII'd interval ends up in a Joqar symbol pedod. In Older 111 keep die SIDle 1bJou&bput. me mIDIbel'
ofCIIriczI tII:D needs ~ be iDaeIM in tile same pmpJItiaD. 1.1dI bas two etI!lcts: a) 1be c:ompIe1dty of
die 1eI1-dme FFI' osccl~1m m:aId.-caaier dcmodnJcinn ......... I faDctim of Iog'N~N is die
DDlDber of carriers. aDd b) the tolerance on the pbue noiJe of1be RF fmot eD4 must be tigbter.

A4 far as d1c amplitude of the ecboes is oooccmed, bowever.~ is II) CODSttIfDt stDc.e tbis type of
modD1a1:lon relics on Jbc power S\IIIl of aD. tbcse ecboc:s. 1bis ftexibIllty is aclear advantage for the muld­
eaater moduladon wbeD coverage extenders lie used.

Anocber advamage of the mulli-canier moduJaDon scheme ova'1be adapri\'e chamP] tA!'laJiw is that tbe
eqnaUzadon pcrfoDDed by the fOllDel' is a1JnoR inmntalleoal wbc1a11he 1aUer teqUin:s a certain time 1D
COIIYeIJI' aDd eljminate ccboes. 1bfs advamage wiD. be clear in die cue of aiIplane Butler md also in tbe
case of tile conection ?f the echo phase variation produced by a time jim:r of the ccbo on a typical
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ptoptpdon _ AI an exnpJe. tor. UHP .:hIlJl¥l:l, a VIII.. of ooly 910 16 an in Ibc palhleDldJ.
Of tile echo would mate tbe echo to IIIOYe comp1dely betwec:a Ibe I 8Dd Q IIUlI It a QAM democbd8lDr.

-5. EIfect of the uie of a dwnael equalizer or mald-ClIrrier mocIuladon on COftn&e addeved.
with on-cNnnel repeaters

For Cbe purpose of tbeexer:ciae. we .....ed a senicc Ita bIIed OIl tile most popu1a1ICd zaae ill die
meaopoUtm TOlOIIIO. 'Jbfs Is 'ndfead by tbe sbaded ..,.. ia. flllR 3. 1br: sbIded liDeIlepCICUI!be
sbDft:I olllb: 0lDrJ0. 1br: iDfmt ofabc cxcrdse wallO~ Ibc various ways tbia servia: area could
be c:ovcnd dependq oil &be way me aalve ecboes lie bmcIJM in tile receiver. Passive edIoes were DOt

CCJIJIItkftd in tIds exercise.

We uaecl alOftware pIOIlWl tbat bM been deYeloped It CR.C 10 .,.....m Cbe c:ovenp otdilital sound
tJmedc;Mdn'1lllD& muld-emier DIOdIdId.oD wtdl putu.nl wIIIllDd widIDut oo.-cfII!.pJ n:peatI:D.
For dds exerdIe.. the sYstem pllaeaea wae modl6::d ID Jdect Ibe pan.mcrcn of dJc MlTIOI ATV
.,... 1beIe~ em be AJuad OIl'" 9. 1be eqIIInltIIt of tile F(50~ carves WII UJed {Ie.
caR~. III tbe case oltbe dMA"" ecpuHzer. tbe .... ec:lD amw;doa JaD&e wu set It32 JIII'C
by udftdID.y aeafDI die I)'IIIbol pedod • 32 pIeC ... • 'I ... !be JUIId IDterval occupied 1m..
ofdie IJIIlbol period. P1gm: 3 JtveI1be c:ow:nse ICbiew:d b7 a JiaIIe ttIDIIDtaer 10caIed It ID BHAAT
of 300 m (011 the CN T6wer). 1be~ is fndiClled by die i»aIIrIbi carIeS It 0 dB, +10 dB, +20
dB. +30 dB IDd +40~. Nca tbat 1be cImI:r CODIDar II IlwaJI die 0 dB JDIIIiD CODIDCD ouaide which
dill IeIVk=e .-"abIIIty Cri1eJioD iI DOt met Tbe power teqIIIed liD cover die farIbest poiat located at 50
laD is 1m Waus which Is coasistm wIrh die numbea proposed by Ml'f,(lI for Ibis radius ofcoverage.

In flame 4, tbe COYerqe has been cIoR.ly taiIon:d 10 tbe aervicc IRA by usiDllO on-cbennel n:pcaten.
'!be muld-cmicr mocfnl.riQD (COPDM) JIll beeD IIIUIIIed JD dIiI cue with a 160 psec tDcal JylDbol
pedod (1024 cante.rI) and 32 JJIClC aunt iDar:tval wbIc:h U ecpdnIaJIlD 1tJe cbaDDel equaJJzer COIrCCdon
window. IIl1llil cue. aU ClC!IDes fIIIIDt.iDlide !be pant iD1e:rIlll& power 8dcled IIId d10se fa1UDI oullide
1bII iDlen'al am teeD u DOiIe. 1.1Iae is bowever a ta..... period from tuny coastrue:dve ec:boes 10

ec:baes fally comribu1iDa to 1be ... power 1bIt tabI PICe over a symbol pedad on eitbt:r side of the
pnllDll:rval No negative delay .. aI10wecllt the~... 10 1bat the sipal could be picted-up off­
air lad nHlillsnrium •Nepdve deIaJa wbich would imP, .. camplex signal distribWion to the
,... thJuaab. cable ormiClo-wrf'e!lab would lao_ever lift JIlQle treedDm in the opctmiDtjon ottbe
c:ownp IDd woaJd llbly mdac:e tile ....".. of mqlIimd u;U_" _the IE.C covcnge. A. can be
em. tam pace 11. me "..... Ig _mm .... " Opm 1.750 We die meW

nne"PKposrn:quin:mcR,. r.pw dlUpw4 to a.." wItb '.·'l!!'!"'nr5 11) 2Q W•.
Nore dIa !be ,,*""15 used ~ dfrecdYe 10 ICda£'e &be IIDOUIJt of deabucdve echo rewards tile mlJD
transmjtlr;r.

Fip.re 5 pes tile same tIiIcRd COYCfIIC in 1tJe cue of Ibc UIC of ~ pc:rf'act m,mcJ equalizer WOltiDg
over tbe .... 32 psec wiDdDw. In 1biI cae. omy tbc 1arpIl edJo is used aod all the otber echoes are
lIUIlecl to be perfectly Caaa:utxI iDIide 1be 32 psec window _ CDIIidfml. noise oursidc Ibis window. .
M caD be seen from page 13. Ibe power required I[die MIW'I#'I is doUbled CXJIIIPII'ed 1D tile muId-carder
mod,,',don case. This is becluse 1'IIbeI' dian power addIag echoes U in die cue of tbe muki-ean:ier
moduJadem. me equalizer n:l.ies on 01111 ODe ecbo IUd cmcels III abe orbeJs.

However. perfect equalizers do not exist aDd even a sligbt iDc:Iease of the apparent noise power due to
ecbo cancellation inside the equalizaDoD window will have a major em:ct on me~ of covemgc.
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Flame 6..Cbe SIIIlC ttIJWIiaer IIId mpeaerpat_' • III.. cue of die pedeet equalizer (Flaum
" bat in tbfI CI8e. 54' of die acdw echo power ia ..."., II) be c:oiJaibatiDIlO tbe IppIIa1t DD1Ie
jD:naIe at the~ M can be seeD. a DUmber of .... _ to appear in die CCJVeIIge aDd tile

'~repeaIm lie br&ominl less efttc1h:e. Mole of tbI:m woaId l£IDIl1y be Dfleded to re-shape the CO\'ClI&C
paopedy. 1be sltuadoD:WOCIalS very qatck1y a c:aD be leal OIl Flpre 7 wbeae 1~ olthc ccbo power
is tnIDStbnned Jnto DOi-.e aDd Figwe 8 wbere 2SCJi of tile power is 1ben lIeeD IS.noise.

6. Intel fts euce aSpedS

It Is clear 1baI: by sbaPml 1bc CXlIIQUr of a service area w1Ih low power .tepeBn. die disunce for
tmqueocy le-USC can be ctnmcaDy n':iduced. In fIa. nch ... could be used to JeI01ve sewre
pIObJau of co-dun-l '~.. til WJJrf specific: cweL Male wed: ... to be elmo 011"'. 1be
so1lwIIe propm developed at ate IIId IIIed In die above eam- allows JUdl co-cbannel Jmer1'eftmce
lOIdy 10 be CCll1d1IdIld;. Some t:iICiiM1iIPDI~~ 8Iready been produced for digital SOUDd
broadcndD, at 1.5~ which deady,proves tbis poinL

In die CUI of~ tIIIJ die ...." .. c:b"Pri, die we of repeIIIerS may aea!e same boles in die
cownae of aDad~ c:b - ..'1ICr c:ovcriDI the .mc:c ala JIDa:. dosc 10 abc JCpcIIIa'~

!be receIveII would be by1I1e maiD rb'!IIJ!!I1Dd 10 RCeive 1be Idjacatt cblftl'Jd. cbeadote
ca1iDga small dead sp'« for 111114.... channel -!!IF I 21 caDies both dwuy:I. wbicb would
aJIow to preserve 1be lX'ftI' df1Ihie.'1I between 1be two c:b m!ll 1be exIIlDt of tbfs problem Is dlO
be Invadpu:d (Ie. radius of Ihe boles IIId die JikeJfbood ofhmDg two IdjlCatt rbannets -Fed 10 tbe
same servk:e area. .

7. Coacluadoa

It bas been sbown .... OG-dr wi JIll IIlia CID be 1.-cl1D tIIar 1IIe covenae to a speci1ic service area
COIIDUrIDd ....If:k:IDy pnwerofdle <.. 1.150W..to65W_).
11Ie 1IIe of oil-dun.) it "'y feufbIe cllder modal..11 used wtdl • pad
iIIIavIl sIDce the recetYer em rely OIl tile~ .. at ..c.s COdai,,"" in 1I1e gUIld JDIernl.
Almost u aood covemie pedoa"'ll'Ce CIa be aclifted wIdl JIiIh quJity adaptive rb8l1lM':1 eq"e1jms if
the7 CID meet IOIIIC specifi.c~ DO top of1be bIIIc ......'. for correcdn& pISIive ec:IIca.
1beIe IIddJtIcIuII recpraneaa m=: .) extended toI' die coaecIbJ wtadow. b) cam:doa of echoes
• poweafal u die JDai!l sIpl, lad c) minimal Jac••e of 1be C'bInnfl mile caued by 1bc
eqnaJizldaa. If this DeW c:ca:ept atCDWlIIF is to be paIIIIeI'J. tile puformance of tbe cJwtne1 equllizeD
pmpoted wt1h the vadoas ATV S'1IaIJi neecl10 be 1eIIec11U:OidIDg10 tbese new addltiODll IeqDiIaDems.
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Fig 2: Re1atite echo amplitude as a function of delay
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COFDM coverage synthesis Version 1.4

System parameters
'-..../'

Curves show margin above system operation threshold (dB)
Horizoncal span. 150 Krn
Frequency :0: 645 Mhz
Symbol period • 32 usee.
Guard Interval. 100~
Useful bit rate • 26430 kbitlsec:.
Specaum efficiency =4.405 bit/Hz
Minimum EIJrINo. 3.56 dB
System & hardware margin. 3 dB
PropaptiOll mode! • CCIR 370 Corrected

Receiver antenna height. 10m
Loc:acion availability = SO %
TIme availability • 90 %

2. Receiver parameters

Antenna pin • 10 dBi
Amenna noise temperalwe • 160 K
CoupUac and filler losses • 4.9 dB
Receiver noise figure. 10 dB
Receiver figure of merit • -29.461 dBIK
Synchronisation algorithm: Cenue = linearly weighted mean echo

3. Transmitter parameters

Date (DDMMYY) • 0W0ISIt991, 1.... t.:27

ITransmitter name Position ERP Pattern IHeight Azimuth Delay BackLobc: In us.
I X Y (W) em) (degrees) (usee) (dB)

MAIN 0 !o I [750 Broadside 1 dioole I300 -40 0 -40 YES

-9-
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,1.

COFDM coverage synthesis Version 1.4

. System parameters
'--

Cwves show margin above system operation threshold (dB)
Hocizoncal span =(50 Km
Frequency :11645 Mhz
Symbol period = 160 uscc.
Quard Interval = 20 .,
U.eful bit rae = 26430 kbirlsec.
Specuum efficiency. 4AOS bit/Hz
MiRimwnE~ = 3.56 ell
System & hIrd~ marJia =3 dB
Propqation model =CCIR 370 Corrected

Rec:ei\'etan_beiIht. 10m
Loc:alion aVIiJIIIIky :II SO "
Time avaiJabiUly. 90 "

2. Receiver parameters

Aareana pin • 10 dBi
An1enna noise temperage =160 K
Coaplina and filter "".4.9dB
Receiver noise fiprc. 10dB
Receiver fipae of merit- -29.~1 dBIIC
Synchronisation aJgOl'iDD: Centre • linearly weighted mean echo .

3. Transmitter parameters

Dale (ODM~YY) .091'0611992 •Tune • 14: II

!Transmitter name Position ERP Pattern Height Azimuth Delay BacH rov. In U~

1 X Y (W) (m) C ) (usee) (dB)
1

Bmadside 1 dinole -40iMAIN 10 0 65 300 0 -40. YES
1 21 20.676 5 Broadside 2. diDc*s 30 45.445 0 ~ YES
I 22.87S 17.26 5 B . :2di1x:*s 30 'S2.064 0 ...a YES
I

-26.Od -15.103 20 ·2·.IIl!. ••. 10 -45 YES! B -120.09 0

-29~ -9.888i 20 B "2~ 30 -108.46 0 -45 YES
-38.62l -5.9332 5 Broldside 2 dintIIM 30 -98.733 0 ~ YES

-31.31~ -4.1353 20 B 2di1WH 30 -97.523 0 ..so YES
-36.3~ -14.563 20 Broadside 2 dinoIes 30 ·111.82 0 -40 YES
25.87S 21.216 20 Bmadside2~ 30 60 0 -40 YES
-34.l~ -18.699125 B 2dint*s 30 -110 0 -40 YES
·38.063 -9.888~ [0 Broadside 2 diooles 30 ·llO 0 -40 1 YES

(C) Imac.Ona... CA.,"IADA

-11-
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1.

COFDM coverage synthesis Venioa 1.4 0.. (DI)IOCYY). 0MJ5IlJ91.n.- U:II1Z7

3. Transmitter parameters

'IDDlmiuername Position ERP Patu:m Hdcbt AzltDJIb Delay R.,.IrT ft1- muse
x y (W) c-) ~ ) (1IIOC) (dB)

MAIN 0 0 M t .... 1M ~ 0 ...0 YES

21 20.676 , 2..... ~ 4'M5 0 -40 YES

22.87S 17.26 15 ,"t.-.....- ~ 'ft-~ 0 ~ YRS

-26.063 -is.lm 4CO - . 2 ..... ]0 -12O.D9 0 -45 Yiis
-29m -9.8887 ~ ........2 ..... 10 -10l.A6 0 -45 YIS

.S.M~~ 10 - ···2....... ,10 ---733 0 YES-~ILQ;£ -40

-31.31~ -4.1353 40 2 ...... 30 1-97.523 0 -40 !YBS

-36.37~ -14.56~ 4S 2 ....... 30 -111.82 0 -40 YES
125.87S 21.2i6 I~ 1- ···l2..... 30 !6O 0 -40 IYBS
-34.12j -18.69ll 4S - - •• 2diIM&M 30 -110 0 -40 I YES

-38.063 -9.888J 30 Broedlido 2 diDo_ 30 -110 0 -40 YBS

-13-
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FCC Advisory Committee on AdVllnced T.levlsion Servtce
Implementadon Subcommittee Working Party 2 on Transition Scenarios

Responses to Questions tor Proponents

Following are the questions posed originally to proponents with a summary of the
answers from each arranged following the original question. Supplementary
questions were posed to each proponent based upon an original set of responses.
The answers to the follow-up questions are included in the summaries where the
follow-up questions have so far elicited responses. In the interest of keeping this
document from becoming any longer than necessary, the follow-up questions are
not repeated herein. They are available upon request from ISIWP-2.

General

Q 1. Is extensibility built into your system7 If so, are there extensions to your
system that require particular consideration during the initial (full, but not
extended) implementation7 What are the considerations that must be
addressed as part of the initial implementation7~

1. Future improvement of dynamic resolution by adding motion vectors <all MUSE family
members use only one currently).

• Give up (reserve) data space - 60 kb/s for 140 vectors/field.

• New receiver with additional 6 line memories and control circuits; original receivers
can ignore new information.

2. Alternate media can use full MUSE quality if desired.

• N-MUSE and MUSE use same algorithm, share same chip set.

• Full-band MUSE digital input port can be provided in N-MUSE receiver to accept
MUSE from some other service.

1. Flexibility in compression/decompression supports various data rates from NTSC to
HDTV and higher. Protocol and data structure are also flexible and can accommodate
date from other services. Believe in concept of improved performance over time.

- 1 -
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2. No aaswer yet to Specifics. Information OIl daW• .,.lIin" etc., soon to be releeM'd.
No indication of how an initial DigiCipber receiver should be prepared to anticipUe any
particular extension(s).

Present data structure is proprietary, not viewed as a •standard.· Will be further
defining protocol and willing to work with appropriate industry group'to do so. Could
incorporate aspects of SMPTE proposals.

Zenith/AU

1. Possible extensiOlU of performance of video and audio television services are discussed,
variously implementable at the transmitter or the receiver, without impacting or making
special provision in early receivers.

2. Data structure is particular to DSC-HDTV, not cIesiped as a Jeneal communication
system, but no particular ancillary data partitioaIiftc bas been proposed. If the initial
implementation of DSC-HDTV defines ancillary data as flexible packets with headers,
new ancillary data services can be introduced 1at«.

3. Headers/descriptors of the sort currently under COIIIidentioo. by SMPTE can be
incorporated into DSC-HDTV global data pacats with sliJht modification to the global
data format. This would have to become part of the standardized system.

ATRC

1. Extensibility achieved by assigning a service code byte to each transport cell. New
services, data (properly coded) can be added to ctiptal stIeam at any time, for use only
by receivers that recocni.ze the particular code. Provides flexibility in mix of video,
audio, and data for HDTV and in mix of services. There is no backward compatibility
problem - early receivers ignon: new services.

2. Have not identified any existin, standard coveriAI assipment of service types (ST).
Those cU11'elltly UJed arbitruily selected, with additional types reserved for futule use.
Changing service type indicators is trivial.

3. Anticipate working with industry to finalize number and assignment of service types. If
any standard is identified, will strongly consider its use.

1. Extensibility is provided by source-adaptive processing and the concept of headers.

2. Each image frame has a header containing information required or useful for
interpretting the frame. Receiver C3ll interpret headert properly decode, and ignore
irrelevant information.

- 2 -



3. Cunmt header protocols and data structura lie proprietary, but flexible data structure
permits adapCation to a reasonable industry staDdard.

4. Source adaptation sends source images in their native formats with any required format
conversion done at the display. This is more efficient method in utUq.ing available bits
than traditional approach of converting to a single fonnat prior to transmission.

S. It is possible to use headers to select different encoding/decoding processes based on
source fonnat. CC-DC uses single encoding/decoding method with only the effective
coding rate changed for the specific source.

- 3 -
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02. How long following an Advisory Committee recommendation of your system
will the detailed technical information necessary tor the setting of standards
and for the design and manufacture of both professional and consumer
products be available1

1. The SS/WP-l submission is a satisfactory introductDry explanation. Standards setting
infonnation will be available after Advisory Committee recommendation for field test,
before NPRM. Desiplmanufacturing information available during field test period.
Part of coding is already in public domain in Japan.

1. 0-3 months, for both standards setting and for -desip .and .manufacture.

Zenith/AU

1. Both Zenith and AT&T have been responsive to this need in past standardization
activities and will be for HDTV.

2. Development of standants and providing technical information for designers are
separate issues. It is believed the proponent information for either or both will
probably require 3 months to compile. StandaRls development may take an additional 3
months of effort by industry experts aided by the proponent.

ATBC

1. Much info is now available through ACATS documents, including SSIWP-l
submission, and through ISQ-MPEG documentation.

2. Upon Advisory Committee recommendation (of ATRC system) detailed infonnation
will be available as quickly as possible given the scope of the task. Anticipate
Advisory Committee and proponent(s) win agree OIl a timetable.

3. Anticipated time required to prepare final documentation on the order of 6 months.

1. A maximum of 4 months will be needed to supply technical information sufficient to
begin the writing of both FCC Rules and industry technical standards. The information
supplied during this period will be sufficient to permit start of IC and product design by
manufacturers unrelated to system development program.

2. Personnel resources for development of necessary documentation will come from MIT's
Advanced Television & Signal Processing Group and GI's VideoCipher division.

- 4 -
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03. What provisions have you made for communicating information sufficient for
design and manufacture to manufacturers of consumer and professional

_/ equipment7 Do you have a program planned for providing direct support to
help get such organizations up and running with your system7

1. NHK Engineering Services can provide all at any time under reasonable tenns and
conditions. Applies to any or all of proprietary info licensing, design diagrams,
manufacturing know-how, and prototype evaluation.

2. Any proprietary informaDon and manufacturi.n& know-how necessary to commercial
equipment, e.g. schematic diagrams, values of lip coefficients of digital filters, various
kinds of parameters, will be subjects of doscussioIl of terms and conditions. Prototype
evaluation service is included in technology transfer program but also available
separately.

3. Information necessary to standards writing will be provided to any standardization
organization without any restriction.

1. Some internal discussiofts have taken place. GI hu relevant experience in licensing and
technical support. Such a function will be established for HDTV.

2. During remainder of 1992, GI will be exchan&illl information with a limited number of
manufacturers. By the end of the year, GI will have developed a package for industry
support.

Zenith/ATT

1. Nothing in place but inteDds to be responsive at die appropriate time. Both,companies
are experienced in this and business interests are best served by rapid deployment of all
hardware, hence by rapid information dissemination.

2. Plan will include, but not be limited to, detailed technical information and diagrams,
seminars as appropriate. The establishement of a pqram for direct support is
premature until there is an unambiguous system selection.

AIRC

1. ATRC member companies are leading manufacturers of consumer and professional
equipment and all experienced in launching new standards. Have a record of
effectivley supporting technology transfer.

2. It is premature to discuss details of a technology transfer plan prior to selection of a
system for field testing.

- 5 -



1. Both MIT and 01 have experience in licensing and technical support and are
communicating with manufacturers.

2. A specific plan for technology transfer hu not yet been developed. Urr is workinl
with 01 to develop such a plan. The plan will involve technology transfer to both Ie
and product manufacturers.

- 6 -
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04. What arrangements have you made with integrated circuit vendors for
supplying chips for your system7 What avaitability of les do you anticipate

'..../ for other manufacturers of both consumer and professional equipment7

1. No specific arrangements. MUSE chips a1reIdy .commercially available, secood
generation due this sprina. Specifically, no plans or arrangements to develop the N­
MUSE-specific chips required.

2. Decoder should be built using and auamentina full-MUSE IC's. TheIe is no economic
advantage to a complete kit of dedicated N-MUSE IC's. Use of MUSE IC kit for part
of the N-MUSE decoder saves time and development money, offen extensibility.

3. Use of Full MUSE chips for N-MUSE has little cost penalty since the MUSE chips and
N-MUSE chips are of almost the same size and complexity. Thele might be sliaht
memory savings for N-MUSE chips vs. MUSE but this is ~Ii&ible. Some additional
chips are necessary to interface MUSE IC's to N-MUSE system, but they are
uncomplicated and would cost relatively little.

1. 01 has in-house capability and experience in VLSI for NTSC DigiCipher. Partitioning
and estimation have been done for HDTV. NeaodafinI with vendors for HDTV IC
development. Development time will be 18-24 lnanths to availability to equipment
manufacturers. (Presumed scarting point from Q5: selection of system for field test will
trigger hardware implementation.) (Also stated components and hardware may be
available by the end of 1994.)

2. May malee available 1st cut IC's, which will not necessarily conform to the final
standards, for use in preliminary development of equipment.

3. On follow-up, expects to initiate serious IC development by mid-year 1992, and thus
expects to have first IC's available by mid-year 1994.

Zenith/ATT

1. AT&T Microelectronics intends to be an industry supplier.

2. AT&T Microelectronics will provide production chip sets to support DSC-HDTV
system introduction. In AT&T/ME business interests to make complete receiver
chipsets available on a timely basis to other consumer electronics manufacturers and
provide appropriate Ie's to professional equipment manufacturers.

3. No response to follow-up question on how long following FCC decision chips will be
made available to other manufacturers. Restatement of "timely" availability.

- 7 -
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..-./ 1. MPEG-based compression is an advantqe; some manufacturerS aIe (amiJiar with
concept. HDTV MPEG expected sooner and lower cost than a proprietary scheme.
(This HDTV MPEG content is about SO~ of the IC kit - but not in,existence with
respect to either complexity or speed required.) IC development foreCast at 18-24
months, except MPEG part may be quicker.

2. Various competing sources aIe expected; ATRC members will produce -appropriate­
IC's for the open mark'et. No specific arrangements for sourcing discussed.

3. IC design efforts at many companies will be trigered by an Advisory Committee
recommendation and will be paced by a final FCC decision and timetable for
implementation.

MlI

1. GI has in-house VLSI design capability. MIT/GI negotiating with IC vendors; expect
chips to be widely available.

2. IC's are expected to be available within 18 months from the trigger point.
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